Involvement of local intercellular communication in the differentiation of zinnia mesophyll cells into tracheary elements.
The transdifferentiation of isolated mesophyll cells of zinnia (Zinnia elegans L.) into tracheary elements (TEs) has been well studied as a model of plant cell differentiation. In order to investigate intercellular communication in this phenomenon, two types of culture method were developed, in which mesophyll cells were embedded in a thin sheet of agarose gel and cultured on solid medium, or embedded in microbeads of agarose gel and cultured in liquid medium. A statistical analysis of the two-dimensional distribution of TEs in the thin-sheet cultures demonstrated their aggregation. In the microbead cultures, the frequency of TE differentiation was shown to depend on the local cell density (the cell density in each microbead): TE differentiation required local cell densities of more than 10(5) cells ml(-1). These results suggest that TE differentiation involves cell-cell communication mediated by a locally acting diffusible factor. This presumptive factor was characterized by applying a modified version of the sheet culture, which used two sheets of different cell densities, a low-density sheet and a high-density sheet. Differentiation of TEs in the former could be induced only by bringing it into contact with the latter. Insertion of a 25-kDa-cutoff membrane between the high-density and low-density sheets severely suppressed such induction of TEs in the low-density sheet while a 300-kDa-cutoff membrane suppressed induction only slightly. Insertion of agarose sheets containing immobilized pronase E or trypsin also interfered with the induction of TEs in the low-density sheets. Thus, a proteinaceous macromolecule of 25-300 kDa in molecular weight was assumed to mediate the local intercellular communication required for TE differentiation. This substance was designated "xylogen" with reference to its xylogenic activity. The time of requirement for xylogen during TE differentiation was assessed by experiments in which cells in the low-density sheet were separated from xylogen produced in the high-density sheet at various times by insertion of a 25-kDa-cutoff membrane between the two sheets, and was estimated to be from the 36th hour to the 60th hour of culture (12-36 h before visible thickening of secondary cell walls of TEs).